Introduction: Knowledge about the pathogenic process in the progression of periodontal disease indicates that the central cause of periodontal disease is the loss of a healthy balance between microbial virulence factors and the host's inflammatory response. The aim of this study was to evaluate the potential effectiveness of diacerein as an anti-inflammatory drug in the management of experimental periodontitis in rats. Methods: The study included 60 albino rats that were divided into two groups. Periodontitis was induced in both groups. The drug group received systemic administration of diacerein, and the control group received a placebo. IL-1ß was measured two weeks after the induction of periodontitis and before the administration of the drug (baseline measurement), and it was measured again at the end of two and end of four weeks after scaling and root planning and diacerein administration. Results: The results indicated that there was a significant decrease in IL-1ß level in both groups. For the control group, there were significant decreases of the IL-1ß values from the baseline to two weeks and also from the baseline to four weeks, with p-values of 0.0001 for both comparisons. The same results were obtained for the drug group. Conclusion: It was concluded that it is likely that diacerein may play a therapeutic role as a potent antiinflammatory drug in the management of periodontitis.
Introduction
Periodontal diseases are chronic inflammatory diseases that destroy the tooth-supporting structures, including bone, cementum, and periodontal ligament. They are one of the most prevalent forms of pathological bone conditions in humans, and they can adversely affect the systemic health of patients (1) . Pathogenic bacteria initiate the disease by accumulating in the plaque biofilm, and periodontal tissues are destroyed by the host's inflammatory immune response. This issue has been addressed is previous studies (2) . The host's responses to these microbial challenges initiate a local immune response that results in the recruitment of inflammatory cells and the release of various inflammatory mediators, including pro-inflammatory cytokines (i.e., IL-1, IL-6, TNFα) and the liberation of lytic enzymes, i.e., matrix metalloproteinases (MMPs) and prostaglandins (PG). These responses ultimately result in the loss of connective tissue and resorption of bone due to the activation of osteoclasts (3) . Inflammatory cell infiltration, the production of enzymes that destroy connective tissue, and the resorption of alveolar bone occur when primary mediators, such as interleukin-1 (IL-1), are produced. Then, these primary mediators, in turn, stimulate the production of secondary mediators that amplify the inflammatory response (1, 2) . IL-1 is considered to be involved in the pathogenic mechanisms that lead to the breakdown of periodontal tissues and structures (4), resulting in Page 1291 several adverse biological effects, including inflammatory, metabolic, physiologic, hematopoietic, and immunologic effects (5, 6) . In addition to surgical therapy for periodontal disease, an approach that potentially can be used to prevent and/or treat its occurrence is the regulation of the interactions between the immune and inflammatory responses to the disease (2) . The destruction of periodontal tissue is initiated by various host factors, and these factors have been investigated to determine their potential for arresting the progression of the disease (7) . Consequently, the use of the anti-inflammatory mediator therapy, in conjunction with anti-biofilm treatments, may prove to be advantageous in counteracting and attenuating the progression of the disease (8) . Diacerein, a purified derivative of anthraquinone, was first identified as a constituent of plants that have anti-inflammatory and analgesic activities (9) . The diverse functions of diacerein were investigated several years ago, but its beneficial impact has been related predominantly to the treatment of osteoarthritis (10) (11) (12) . In many aspects, the nature of periodontal disease is quite similar to arthritis. Thus, it is likely that diacerein could serve a therapeutic role in the prevention and treatment of periodontal disease (3). To date, there no studies have been conducted to investigate the potential role of diacerein in the treatment of periodontal disease. So, the aim of this study was to evaluate the effect of diacerein in the management of ligature-induced experimental periodontitis in rats.
Material and Methods

Research design
The research design was an experimental study. The study protocol was approved by the Medical Research Ethical Committee of the National Research Center, Cairo, Egypt.
Animals
This study was conducted on 60 male albino rats (100-120 g). The animals were kept in plastic cages with access to food and water ad libitium in a temperature-controlled room with a standard of a 12/12 hour light/dark illumination cycle. The cages were kept under hygienic conditions and away from any source of chemical contamination according to the ethical protocol for housing animals. Before the induction of periodontitis, all of the animals were allowed to acclimatize to the laboratory environment for a period of five days.
Experimental Design
The animals were divided randomly into two groups, each composed of thirty rats: 1) Group one (n = 30) was the control group in which experimental periodontitis was induced, and a placebo was administered systemically, 2) Group two (n = 30) was the drug group in which experimental periodontitis was induced, and diacerein was administered systemically.
Protocol of the Induction of Experimental Periodontal Disease
The rats in the control and drug groups were anesthetized via intra-muscular injection of ketamine© (0.4 ml/kg) and xylazine© (0.2 ml/kg). Ligatures (4/0 sterile silk©) were tied on the necks of the mandibular first molars on both sides in the sub-marginal area in all of the animals in both groups. The ligatures were kept in position to promote the accumulation of microbial dental plaque and inflammation, and they were inspected often to make sure that they had not become loose or disconnected (13, 14) . These conditions eventually resulted in damaging the periodontal tissues and structures, thereby inducing experimental periodontitis. The appearance of signs of inflammation, such as redness, edema, and bleeding occurred after seven days. After two weeks, in addition to the signs of inflammation, examinations using a periodontal probe indicated the loss of gingival tissue, denoting the establishment of periodontal disease. Then, the ligatures were removed from all of the animals, and a blood sample was taken from all animals in both groups to measure the level of IL-1ß. These measurements were used later as the baseline measurements for both groups. After the removal of the ligatures, scaling and root planing (SRP) was initiated in both groups for the mandibular molars using manual #13-14 mini five curettes (HuFriedy Co. Inc., Chicago, IL, USA) by performing ten distal-mesial traction movements in the buccal and lingual aspects. The interproximal areas were scaled with the same curettes using cervico-occlusal traction movements. After SRP, the submarginal areas were irrigated with 1 ml of saline solution. Note that SRP was performed by the same experienced operator in both groups (15) . After experimental periodontitis was established, diacerein (100 mg/kg/day) was administered orally to the drug group (3). A computer-generated table was used to allocate the animals in group one and two to the SRP, drug treatment, and the measurement of IL-1ß. For better standardization, animal one was the first choice, followed by two and three, respectively. Blood samples for IL-1ß measurement were taken at three time intervals from both groups, i.e., 1) two weeks after the induction of periodontitis before SRP and the administration of diacerein (baseline samples), 2) at two weeks after SRP and diacerein administration, and 3) at four weeks after SRP and diacerein administration.
Page 1292
Laboratory Investigations
After the blood samples collected, the samples were centrifuged to separate the serum, which was stored at -20 0C until the assay was to be conducted. A Rat IL-1ß ELISA kit (Enzyme linked immunosorbent assay kit) was obtained from Glory Science Co., Ltd., (Del Rio, TX, USA), and the kit was used to measure IL-1ß according to the manufacturer's recommendations. The concentrations of IL-1ß were reported as µg/L, and the animals were euthanized by ether anesthesia followed by cervical dislocation.
Statistical Analysis
Data management and analysis were performed using SAS version 8.2 and SPSS version 17. Changes of the level of IL-1ß within the test animals were determined using repeated measure ANOVA test. The Bonferroni post hoc test was conducted to determine the differences between the levels of IL-1ß for the different time periods. The independent t-test was performed to determine the difference in the level of IL-1ß during the different time periods in the study. All p-values are two-sided, and p-values < 0.05 were considered significant (16).
Results
After one week of inducing experimental periodontitis, there were clinical signs of inflammation, including edema, redness, and bleeding. By the end of the second week, the loss of clinical attachment had occurred. Other than the deaths of one rat in each of the two groups before SRP and drug therapy were initiated, there were no other losses in the animals in the experiment. Increased urination and a change in the color of the rats' urine (to yellowish brown) were observed. The samples were analyzed to determine the baseline levels of IL-1ß (two weeks after the induction of periodontitis and before SRP and drug therapy), and they were analyzed again two and four weeks after SRP and the administration of the drug therapy. The means and standard deviation (SD) values of IL-1ß levels for the two groups at baseline, after two and four weeks are shown in Table 1 . Repeated ANOVA measurements were conducted to determine the within-subject changes of the IL-1ß levels at baseline, after two and four weeks, as shown in Table 2 . For both the control and drug groups, the repeated ANOVA measurements showed a statistically significant decrease within subjects, since the p-value was 0.0001 for both groups. The Bonferroni post hoc test was conducted to determine the differences between the IL-1ß values at baseline, after two and four weeks. For the control group, there was a significant decrease of the IL-1ß values from the baseline to the end of two weeks and to the end of four weeks since the p-value was 0.0001 for the comparisons. In addition, there was a significant decrease of IL-1ß values from two to four weeks (p = 0.0001) ( Table 3 ). For the drug group, there was a significant decrease of IL-1ß levels from baseline to two weeks (p = 0.0001) and also from baseline to four weeks with the same p-value as before. In addition, there was a significant decrease of IL-1ß levels from two to four weeks (p = 0.0001) ( Table 3 ). The independent t-test was performed to determine the difference in IL-1ß levels at baseline, at two and four weeks between the control and drug groups. There was no significant difference in either group in IL-1ß levels at baseline, where the t-value was 0.31, and p-value was 0.76. Also, there was no significant difference between the groups in IL-1ß levels at two weeks (t = 1.84, p = 0.08). However, there was a significant difference between the groups in IL-1ß levels at four weeks (t = 3.29, p = 0.004) ( Table 4) . 
Discussion
Periodontal disease is one of the most prevalent diseases associated with alveolar bone resorption and frequent loss of teeth. The process of periodontal disease is initiated mainly by bacteria. It has been proposed that bacterial stimulation induces a host response that leads to the formation of periodontal pockets, the loss of clinical attachment, differentiation of the osteoclasts, and resorption of bone. It was documented that IL-1ß has an essential role in the process that leads to periodontal disease process in that it is an important factor in the recruitment of inflammatory cells and the loss of bone (3) . Much attention has been focused on drugs that are not primarily aimed at the palliation of disease symptoms, but modulate the host immune response to the causative factor. These host modifying agents are aimed at modifying the pathobiologic and pathoanatomic changes in tissues/cells, either through inhibition of different cytokines or by stimulating anabolic activities (17) . Diacerein is one of the drugs that have IL-1 inhibitory activity, and it was developed mainly for the treatment of osteoarthritis. It has been reported that it also has exhibited analgesic effects and antipyretic activities in animal models. Cytokines, mainly IL-1ß, and matrix metalloproteinases (collagenase and stromelysin) are involved in the degradation of cartilage, and both diacerein and its active metabolite rhein effectively inhibit the synthesis of cytokines in vitro. In vitro, diacerein has been shown to inhibit the activity of IL-1ß by inhibiting the synthesis of cytokines in synovium and chondrocytes and by reducing the level of the bioactivity of the IL-1 receptor in these cells (18) . The dose of diacerein (100 mg/kg/day) that was selected for use in our study was based on the medical hypothesis proposed by Ren-Yeoung et al. (3) . The results indicated that there was a significant decrease in the level of IL-1ß in both groups during the different study periods. Its reduction in the drug group was explained on the basis that diacerein reduced the association of IL-1 receptors to form heterodimer complexes, thereby repressing IL-1 and its related downstream events, including inducing the synthesis of nitric oxide synthase (iNOS), stromelysin-1, collagenase, matrix metalloproteinases-1, -3, -9, and -13, and their activities (17, 19) . In addition, diacerein impairs the activation of IL-1 due to the inhibition of the IL-1-converting enzyme (19, 20) . The significant decrease in the levels of IL-1ß was more obvious in the drug group than in the control group through all study periods. Pelletier et al. (18) reported similar findings, except the change that occurred between two-week and four-week periods in the drug group. However, they also concluded that diacerein is a slow-acting agent, the effects of which appeared four weeks after the treatment began, which also was the case in our study. This finding also has been documented by several other studies (18, 20) .
Conclusions
Even with the limitations of the small sample size and short study periods in this study, it was evident that diacerein, as a potent anti-inflammatory drug, can provide a therapeutic role in the management of periodontal disease. Based on our findings and observations, we concluded that diacerein inhibited the production of inflammatory cytokines/mediators and regulated the signaling pathways, thereby ameliorating inflammation-induced periodontal destruction. Thus, the results indicated that diacerein could be of significant value in treating periodontal disease because of its proven ability to reduce periodontal inflammation.
